Introduction
The Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER) is a research facility instrument provided by the Ministry of International
Trade and Industry (MITI) of Japan to be launched on NASA's Earth Observing System AM-1 (EOS AM-1) platform in 1998. The primary science objective of the ASTER mission is to .improve understanding of the local-and regional-scale processes occurring on or near the Earth's surface and kwer atmosphere, inciuding surfaceatmosphere interactions [1]- [3] .
/
In Japan, the ASTER Instrument Project, the ASTER Ground Data System (GDS) and the ASTER Science Project work together to implement the ASTER mission. A joint Japan/US Science team represents the science community at large to advise the Instrument Project on requirements and design of the instrument, to guide the GDS on instrument operations, and to produce algorithms and software for ASTER data products. The ASTER Science Team will support postlaunch operations to ensure that the maximum amount of useful data is acquired by the instrument during its 6-year mission. Table 1 shows the baseline performance requirements for the ASTER instrument. The instrument has three separate optical subsystems: the visible and near-infrared radiometer (VNIR), shortwave-infrared radiometer (SWIR), and thermal infrared radiometer (TIR) as shown in Figure 1 . and 90 m ground resolution respectively. Because the data will have wide spectral coverage and relatively high spatial resolution, we will be able to discriminate a -variety of surface materials and to reduce problems in some lower spatial resolution data resulting from mixed pixels.
Instrument design Overview

/
Spectral bandpass
The three VNIR bands have bandpasses similar to those of the Landsat Thematic Mapper (TM) and the Optical Sensor (OB) of the Japanese Earth
Resources Satellite -1). The VNIR will be especially useful for topographic interpretation because it has along-track stereo coverage in band 3 with nadir (band 3N) and backward (band 3B) views with 15 m spatial resolution. The VNIR bands will be useful in assessing vegetation and iron-oxide minerals in surface soils and rocks ( Figure 2) .
The spectral bandpasses of the SWIR bands were selected mainly for the purpose of surface soil and mineral mapping. Band 4 is centered at the 1.65 pm region, and bands 5 to 9 target the characteristic absorption features of phyllosilicate and carbonate minerals in 2.1 to 2.4 pm region. The ASTER SWIR will permit moredetailed surface soil and lithologic mapping than Landsat TM and JERS-1 O B .
Discrimination of clouds from snow will also be possible using the SWIR bands.
The ASTER TIR subsystem has five bands in the thermal infrared region as shown in Figure 3 . Emissivity patterns derived from the five TIR bands will be used , and Thermal M a r e d Multispectral Scanner (TIMS; [9] ) data (the TIR image 
Radiometric performance
The requirements for the absolute radiometric accuracy of the VNIR and SWIR bands are specified to be better than f4% at high level input radiance. The absolute radiometric accuracy for the TIR bands is specified to be f3 K or less in 200-240 K, f 2
. K or less in 240-270 K, fl K or less in 270-340 K, and f9 K or less in 340-370 K.
The input energy, which is used to provide the conditions to specify the . . radiometric resolution, is defined by the target radiance in front of each radiometer, -. and is called input radiance. The maximum, high level, and low level radiances are specified as shown in Table 3 . The specification on radiometric accuracy is applied to the high level radiance, unless otherwise specified. ..- A concept of the maximum input radiance which is specified by 20% larger:.. -value than the high level input radiance is employed not only to avoid saturation '. for targets with very high reflectance such as clouds but also to compensate for possible errors in the calculation model. Moreover, a concept of the low level input radiance which is specified by 20% value of the high level input radiance is employed. The low level input radiance is necessary to specify the radiometric performance for targets with low reflectance and for a large solar zenith angle. For the TIR bands, the input radiance is specified by blackbody temperature, since it is not only simple but also convenient for the instrument performance tests which use a blackbody as a source of radiation.
The VNIR and SWIR subsystems have three and four gains respectively as shown in In addition to the onboard calibrators, reflectance-, radiance-, and emittancebased methods of vicarious calibration using measured ground and lunar reference sites, will also be employed. Calibration coefficients will be calculated by averaging with weighted coefficients the calibration data from the various methods. The coefficients will be updated periodically. . .
Geometric performance
After launch, the registration will be verified by cross-correlation between images containing many well-defined, highcontrast features.
Stereo capability
The VNIR subsystem has one backward-viewing band for stereoscopic observation in the along-track direction. The nadir-backward stereo viewing geometry of .the VNIR gives a higher probability of obtaining a cloud-free image pair, as compared to a side stereo observation system requiring multiorbit observations, such as the SPOT HRV. The base-height (BH) ratio of 0. 6 . Digital elevation models (DEM) can be generated from stereo data. The height accuracy of the DEM depends upon the BH ratio, spatial resolution, and error in the parallax 8 measurement. The ASTER DEM height acairacy should be 7 to 50 m, and the scale of topographic maps to be generated from the ASTER stereo data will be 1:50,000 to scenes of full-mode data. In practice, there will be factors that will decrease this amount, such as scheduling inefficiencies.
Operation modes
The three ASTER subsystems can be operated independently. Table 5 . ' Moreover, the time necessary to observe hot targets can be shortened by combining the daytime full'mode and nighttime volcano mode.
Data collection categories
ASTER data types consist of: 1) engineering data that are required to monitor and maintain spacecraft and instrument. health and safety, 2) calibration data that are obtained as a part of both onboard and vicarious calibration of the instrument, and 3) science data that are collected to meet the scibce objectives of the mission.
Furthermore, in order to better manage the allocation of ASTER observing resources, three data collection categories for the science data have been defined.
/
These categories are based on dataset size and science objedives. They are: ' The global data set will be used by investigators of every discipline to support their research. The high spatial resolution of the ASTER Global Map will complement the lower resolution data acquired more frequently by other EOS instruments such as MODIS and MISR. The ASTER global data set will include images of the entire Earth's land surface using all ASTER spectral bands and stereo.
This global data set will be composed of those images which best meet the Global Map quality criteria, and will be identified in the mission image data base. Each ASTER observation (regardless of whether it was originally scheduled for a local observation, regional monitoring, or the global map) will be assessed by the Science
Team for its probability of significantly increasing the quality of the global data set.
Currently the following characteristics have been identified for images in the Global
Map data set: A "local observation" data set arid a "regional monitoring" data set are distinp.ished by the amount of viewing resources ,required to satisfy the request.
Smaller requirements are defined as local observations and larger requirements are defined as regional monitoring. The cutoff betwe,n the two will be set by the Science Team and will be subject to change as the mission proceeds. (ETR) which is used by the instrument engineering team to request instrument activities for the purpose of instrument calibration, health and safety.
Prioritization and scheduling
The ASTER scheduler will choose between different observation alternatives, for each small increment of time (from 1 to 4.5 sec) in the schedule being generated, in a manner designed to maximize the science return over a time period of a day.
The scheduling algorithm uses a prioritization function to rank the alternative observing modes (and other operating modes) for each time-step. The output schedule can be modified by changing the scheduler's input parameters; the ASTER Science Team and the Science Scheduling Support Group (SSSG) are responsible for choosing these input parameters.
, Although ASTER could collect as many as 1.7 million scenes of full-mode data during the mission, there will be factors that will decrease th& amount, such as . ' scheduling inefficiencies. The purpose of the scheduling process and the scheduler software is to maximize the ,scientific content of each scene.
The scheduler will be able to'generate an ASTER activity schedule of 'any length by specifying the start and end times of a schedule as input parameters. For any length schedule, the scheduler will determine ASTER activities one day at a time.
Prioritization is the process of ranking possible observations, so. The scheduler must select between a variety of instrument configurations, each of which is a unique combination of observing mode, telescope gain settings, and cross-track viewing angle. For each 1 to 4.5 sec timestep, the scheduler calculates the priority of observations in each instrument configuration. A time sequence of priorities, for a single instrument configuration, is called a "priority curve." After calculating all the priority curves, the scheduler searches among all curves for the instrument configuration which has the maximum priority for any .timestep in the entire day. ' The instrument is then 'scheduled to observe in that instrument configuration, during that timestep. The scheduler then searches for the next highest priority inktrument configuration, which is then scheduled for that configuration's timestep. This continues until all timesteps in the entire day have been scheduled. At each point in this process, the scheduler checks to make sure . . that no operating constraints are being violated.
IV. Data products
. Table 7 shows a list of data products which will be provided by the ASTER Science Team. The Japanese are responsible for providing ASTER Level 1 data products. The details of the algorithm to generate the ASTER Level 1 data products are described in Fujisada, et al. [12] . The standard Level 2 data products will be produced in both the US and Japan. All algorithms used in both Japan and US are identical in principle, although the source codes and executable programs may be different due to different machine and software environments. Algorithm development has been carried out collaboratively by Japan and the US. Standard data products will be provided to users on a nondiscriminatory basis from the US EOSDIS and the Japanese ASTER Ground Data System (GDS). The latter is described . .26
